The flower of Pueraria thunbergiana BENTH (PTBF) contains isoflavonoids and essential oil components. It has many biological and pharmacological activities, including anti-diabetes, anti-oxidant, and weight loss. However, its effect on skin regeneration remains unknown. In the present study, we isolated the absolute from PTBF through solvent extraction and determined the role of the absolute on skin regeneration-associated responses in human epidermalkeratinocytes (HaCats). The PTBF absolute, which contained 10 compounds, stimulated migration and proliferation and increased the phosphorylation of serine/threonine-specific protein kinase and extracellular signal-regulated kinase1/2 in HaCats. It induced type I and IV collagen synthesis in HaCats. In addition, treatment with PTBF absolute resulted in increased sprout outgrowth in HaCats. These findings suggest that PTBF absolute may participate in skin regeneration, probably through promotion of migration, proliferation, and collagen synthesis.
Skin regeneration is an essential step in the anti-skin aging and wound healing process [1] . It is associated with growth of skin epidermal-keratinocytes [1, 2] . When skin is injured, epidermalkeratinocytes of skin begin to migrate and proliferate, with simultaneous synthesis of collagen [2] [3] [4] . These responses promote skin pro-inflammatory activity and epithelialization, which results in skin regeneration and wound healing [1, 3, 5] . Recently, many researchers have investigated the development of cosmetic materials isolated from plants [6] . These materials include lipid extracts from aromatic plants known to contain aroma compounds such as essential oil, absolutes and concretes [7, 8] . They exhibited various biological and pharmacological activities such as wound healing and skin regeneration [9, 10] . Hence, the lipid component has been used as a popular raw material in various fields including cosmetics, pharmaceuticals, and food [9, 11] . Therefore, development of material that induces proliferation, migration, and collagen synthesis in epidermal-keratinocytes may be useful for skin regeneration.
Pueraria thunbergiana BENTH (PTB) is widely distributed in Korea, China, and Japan [12] . PTB has been used in oriental medicine for treatment of diverse diseases including fever, diarrhea, diabetes, skin problems, and for lowering cholesterol [12] [13] [14] . PTB or its extracts has been reported to exert neuroprotective, antiinflammatory, anti-hypertensive, anti-ischaemic, anti-apoptotic, and anti-hypercholesterolaemic effects [12, 13] . In addition, flower of PTB (PTBF) has also been traditionally used in treatment of diabetes and in folk medicine for gastroduodenal and lingering intoxification [15, 16] . PTBF is a rich source of isoflavonoids such as kakkalide, together with irisolidone, genistein, and daidzein, and thereby was used to counteract problems associated with alcohol drinking, liver injury, and weight loss [15, 17] . Yagi et al. [18] recently reported the characteristic chemical components of the essential oil from Pueraria mirifica, which is only distributed in Thailand, unlike PTBF. However, there is no research on aroma compounds extracted from PTBF. Thus, in this study we isolated the absolute from PTBF, which is distributed in Korea, by solvent extraction (the so-called 'Absolute') and tested the effect of PTBF absolute on skin regeneration-associated responses in human epidermal-keratinocytes (HaCats) to explore whether the PTBF absolute affects skin regeneration.
Chemical composition of PTBF absolute:
The absolute yield was 0.013% (v/w, fresh material). Gas chromatography-mass spectrometry (GC-MS) analysis showed that the PTBF absolute contained 10 compounds including eicosanoic acid, squalene, and 24-methylenecycloartanol (Table 1) . Of these 10 compounds βamyrin was present in the highest percentage (19.7%), followed by palmitinic acid (6.8%), lupenone (5.6%), and 24methylenecycloartanol (4.0%). This result was similar to previous reports that PTBF extract contains isoflavonoids, including kakkalide, tectorigenin, and glysitin, and essential oil components [15, 18] . Several components, including β-amyrin, palmitic acid, and lupenone are known to have a variety of biological and pharmacological actions on various cell types [19] [20] [21] . However, whether PTBF absolute affects skin regeneration has not been investigated. Thus, we tested the possible effects of PTBF absolute on skin regeneration-associated responses in HaCats.
Effects of PTBF absolute on migration and proliferation in HaCats:
To assess whether PTBF absolute affects migration and proliferation in HaCats, we performed a XTT assay for proliferation and a Boyden chamber assay for migration [22] in HaCats exposed to PTBF absolute. PTBF absolute significantly increased proliferation at concentrations of 0.01 and 0.1 μg/mL, showing maximal proliferation level at a concentration of 0.1 μg/mL (134.1±2.4% of untreated control). However, proliferation was slightly decreased at a concentration of 0.5 μg/mL, which was not significant, compared with the untreated control group ( Figure 1A) , implying that PTBF absolute could induce different effects on HaCat proliferation in more than limited concentrations, probably due to side effects. PTBF absolute (0.0001-0.5 μg/mL) also stimulated migration in HaCats in a dose-dependent manner, which showed a maximal migration level at a concentration of 0.1 μg/mL (210.9±6.5% of untreated control) ( Figure 1B ), indicating that PTBF absolute acts as an inducer of migration in HaCats. These results suggest that PTBF absolute may exert positive effects on both migration and proliferation in HaCats at a concentration range of 0.01 to 0.1 μg/mL.
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Figure 1:
Effect of PTBF absolute on HaCat migration and proliferation. A. HaCats were treated without or with PTBF absolute (0.0001-0.5 μg/mL) for 48 h and then cell proliferation was analyzed using XTT assay. B. HaCats were treated without or with PTBF absolute (0.0001-0.5 μg/mL) for 3 h, and migration was quantified using a Boyden chamber assay. Cell proliferation and migration in the quiescent state was expressed as 100% (n = 8). Each value represents the mean ± S.E.M. Recombinant human epidermal growth factor (rhEGF) response in each assay was used as a positive control. *P < 0.05 compared with the quiescent state. PTBF Absolute = Pueraria thunbergiana BENTH flower absolute.
Effects of PTBF absolute on activations of kinases in HaCats:
To discern the signaling pathway of HaCat proliferation and migration induced by PTBF absolute, HaCats were treated with PTBF absolute and activation of kinases was observed. PTBF absolute increased the phosphorylation of serine/threonine-specific protein kinase (AKT) and extracellular signal-regulated kinase (ERK) 1/2 in HaCats in a concentration-dependent manner (0.0001-0.1 μg/mL) ( Figure 2 ). These responses reached a maximum at a concentration of 0.1 μg/mL (211.8±19.7% of untreated control in AKT phosphorylation [ Figure 2A and 2B]; 246.8±12.7% of untreated control in ERK1/2 phosphorylation [ Figure 2A and 2C]). AKT phosphorylation, as well as ERK1/2 activation, participated in various cell actions such as migration, proliferation, and apoptosis in response to PTB extracts [15, 23] . Therefore, these findings suggest that PTBF absolute might induce either migration or proliferation via the AKT and/or ERK1/2-mediated pathway. 
Effect of PTBF absolute on collagen synthesis of HaCat:
Collagen synthesis is known to be an important response that promotes skin pro-inflammatory activity and epithelialization to skin regeneration in injured skin [24] . Thus, we examined collagen synthesis in HaCats treated with PTBF absolute (0.1 μg/mL). This enhanced the synthesis of type I (213.3±0.9% of untreated control) ( Figure 3A ) and IV collagen (215.6±3.0% of untreated control) in HaCats compared with the untreated control group ( Figure 3B) . These results indicate that PTBF absolute can stimulate collagen synthesis in HaCats. Collagen is a major component in all basement membranes, and collagen type IV synthesis plays a key role in basement membrane formation of skin [4, 25] . Collagen synthesis is closely linked to regeneration and wound healing of skin [4] . Therefore, PTBF absolute-induced collagen synthesis may participate in skin regeneration. Effect of PTBF absolute on sprout formation: Sprout outgrowth assay has been used to measure both proliferation and migration in various cell types [22, 26] . Thus to confirm the stimulatory effects of PTBF absolute on proliferation and migration in HaCats, HaCats were treated with PTBF absolute and their sprout outgrowth formations were analyzed. As shown in Figure 4 , the sprout outgrowth formation was elevated in HaCats by treatment with PTBF absolute (0.001-0.1 μg/mL) in a dose-dependent manner and the maximum response occurred at a concentration of 0.1 μg/mL (443.1±46.7% of untreated control). At a concentration of 0.5 μg/mL, PTBF absolute increased HaCat outgrowth compared with the untreated control group, but the response level was lower than that at a concentration of 0.1 μg/mL (Figure 4 ). This result was similar to those of PTBF absolute-induced proliferation and migration in HaCats. Therefore, PTBF absolute may be a promising natural product to stimulate skin regeneration.
In conclusion, the present study demonstrated that PTBF absolute prepared by solvent extraction contained 10 compounds and induced the proliferation and migration of HaCats, probably through the AKT and ERK1/2 pathway. In addition, PTBF absolute stimulated synthesis of type I and IV collagen on keratinocytes. Therefore, PTBF absolute may promote skin regeneration, as well as wound healing, in human skin.
Experimental
Extraction of PTBF absolute: PTBF was identified by Jong-Cheol Yang, Division of Forest Biodiversity and Herbarium, Korea National Arboretum, Korea. A voucher specimen (No. PTBFA-0001) has been deposited at the Herbarium of the College of Life and Health Science, Hoseo University. The absolute was extracted from PTBF by solvent. The fresh flowers (10 kg) were kept in contact with n-hexane by complete immersion for 1 h at room temperature (RT). The combined extracts on solvent removal in a rotary evaporator in vacuo at 25°C afforded a deep yellow waxy residue (concrete). This was treated with ethanol with mixing and incubated at -20°C overnight. Filtration through a sintered funnel followed by evaporation of ethanol at <40°C afforded a light yellow dewaxed absolute (1.3 mL, 0.013%). The composition of the PTBF absolute was identified by GC-MS.
Analysis and identification of compounds from PTBF absolute:
Analysis of components of PTBF absolute was performed at the Korean Basic Science Institute (KBSI, Seoul, Korea) with identification by GC-MS. GC-MS analysis was performed with an Agilent 6890N GC/5975i MS instrument (Palo Alto, CA, USA) and DB5-MS capillary column (30 m × 250 μm, 0.25 μm film thickness). The carrier gas used was helium with a flow rate of 1 mL/min. The injector port and interface temperature were 280 and 300°C, respectively. GC oven temperature was kept at 40°C for 2 min and programmed to 230°C at a rate of 5°C/min, and then kept constant at 300°C for 5 min. The split ratio was 1:10. The mass ranges were from m/z 40 to 800. Retention indices (RI) for all of the compounds were determined using the Kovats' method using standard C 7 -C 40 n-alkanes. The compounds were identified by comparison of their RI with those of Kovats indices [27] and by matching their MS fragmentation patterns with those of the Wiley7NIST0.5L Mass Spectral library and catalogs of mass spectra. Cell culture: HaCat cell line was obtained from Daegu Gyeongbuk Institute for Oriental Medicine Industry (Daegu, South Korea) and maintained in DMEM supplemented with 10% FBS and 1% P/S. The cells were incubated in a humidified 95% air/5% CO 2 atmosphere at 37°C. The cells were grown to 70-80% confluence for use in each experiment.
Materials
Proliferation assay: Cell proliferation was determined using an XTT (2,3-bis [2-methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5carboxanilide) kit assay (EZ-Cytox Assay kit. The cells (2×10 3 /mL) were seeded into 96-well plates, and incubated in either the presence or absence of PTBF sample for 48 h. The cells were added using the XTT kit, and incubated at 37°C. After incubation for 30 min to induce the formation of formazan dye, the samples were quantitated using an enzyme-linked immunosorbent assay (ELISA) reader at 450 nm.
Migration assay: Cell migration was analyzed using 48-well microchemotaxis Boyden chambers. The bottom chamber was loaded with sample either treated or untreated with PTBF absolute, and the 0.1 mg/mL type I collagen coated polycarbonate membrane was laid over the samples. The upper chamber wells were loaded with 3×10 4 cells with DMEM containing 0.1% BSA. The microchamber was incubated at 37°C for 3 h, and the membranes were fixed and stained using Diff-Quik (Sysmex, Kobe, Japan). The number of cells that had migrated through the membrane was determined by counting using microscopy (×400).
Western Blot: Cells were treated either with or without PTBF absolute and lysed with a cold RIPA buffer. The proteins (50-80 μg/lane) were separated in 10% polyacrylamide SDS gels, and transferred electrophoretically to a polyvinylidene fluoride membrane. The membranes were incubated overnight at 4°C with anti-bodies diluted 1:1000, followed by addition of the secondary antibodies. The blots were then incubated with enhanced chemiluminescence reagents and exposed to photographic film.
Collagen synthesis measurement:
Collagen synthesis in cells was determined by sandwich ELISA. The 96-well microtiter plates were coated with capture antibody (type I and IV collagen monoclonal 2012 Natural Product Communications Vol. 10 (11) 2015
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antibody). Conditioned medium treated with or without PTBF absolute were added to the antibody coated wells and incubated at RT. After incubation, detection antibody (biotin-conjugated collagen type I and IV polyclonal antibody) was added to each well, and the plates were incubated at RT. Next, streptavidin-HRP conjugated antibody (Roche Diagnostics GmbH, Mannheim, Germany) was added to each well, and the plates were incubated at RT. Peroxidase activity was determined using chemiluminescence substrate and detected using a luminescence ELISA reader.
Collagen sprout assay: Migration and proliferation of cells were confirmed by collagen sprout assay. Cells (2×10 7 /mL) were mixed with a 9:1 mixture (pH 7.2 with 1N NaOH) of type I collagen and DMEM, and a dot was made on the plate. After drying, the spots were treated with or without PTBF absolute and incubated in a CO 2 incubator at 37°C. After 72 h, the spots were fixed and stained using Diff-Quik. Spot images were obtained using microscopy, and photographed and the lengths of sprouts were analyzed using Scion Image software.
Statistical analysis:
Data were expressed as the mean ± S.E.M of the indicated number of experiments. Statistical analysis of the data was performed using Student's t tests for comparisons between pairs of groups. P values < 0.05 were considered to indicate a significant difference.
